ilillllllllllllllillilllllllllllllillllllll 

(11) EP 0 696 772 A2 

(12) EUROPEAN PATENT APPLICATION 

(43) Date of publication: (51) int. Cl.^: G06F 9/46 

14.02.1996 Bulletin 1996/07 



(21) Application number: 95112305.8 

(22) Date of filing: 04.08.1995 



(84) Designated Contracting States: 


(72) Inventor: Watson, George A. 


DE FR GB 


Fullerton, California 92635 (US) 


(30) Priority: 08.08.1994 US 287017 


(74) Representative: >A^gner, Karl H. et al 




D-80538 Munchen (DE) 


(71) Applicant: ROCKWELL INTERNATIONAL 


CORPORATION 




Seal Beach, CA 90740-8250 (US) 





(54) Register file with multi-tasldng support 



(57) A register file 23 connected to a data memory 
27 and an arithmetic logic unit 25 for temporary storage 
of operands, and a method of managing such register 
file 23 permits the register file 23 to be used to maximum 
efficiency, and permits rapid task and context switching. 
Each register of the register file 23 has an absolute 
address. A relative register address is read from the 
address field of he instruction being executed by the ALU 
25, and an arithmetic calculation is performed on that 
relative register address and a register to be accessed. 
Different sets of registers 51 , 52, 53 may be designated 
for different tasks or contexts. Each set of registers has 
its own base address. Once the task or context to which 
the instruction applies is determined, a calculation using 
the relative address from the instruction address field, 
and the corresponding register set base address may be 
performed to obtain the absolute address of the register 
to be accessed. Registers assigned to a different task or 
context may be virtually immediately accessed, or a set 
of registers for a particular task or context may be moved 
within the registers for a particular task or context may 
be moved within the register file without affecting the 
instructions being executed by the ALU 25, by simply 
changing the base address used in the address compu- 
tation. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to the structure and 5 
operation of rapid-access memory for an arithmetic logic 
unit (ALU) for a general purpose or special purpose com- 
puter. In particular, the invention relates to the control of 
a register file that provides temporary storage of oper- 
ands for access by instructions being executed by the 
ALU within a particular task or context. The invention is 
particularly, though not exclusively, suited for use in a 
special purpose digital signal processor having a 
Reduced Instruction Set Computer (RISC) architecture. 

Each time the ALU executes an instruction, it must 
generally access an operand stored in memory. In addi- 
tion, the results of many computations are stored, either 
temporarily or permanently, in memory. Virtually every 
arithmetic computation performed by the arithmetic logic 
unit of the computer requires accessing memory There- 
fore, the speed at which such memory is accessed is 
important to the overall speed of operation of the com- 
puter. 

Register files have been used to permit rapid access 
to operands required, and to provide temporary storage 
of data during computations. These register files com- 
prise fast access memory in which data from a portion 
of the computer's main memory may be stored while a 
particular task or subroutine is carried out. 

Access to a register file is faster than access to main 
memory partially because the register file has fewer stor- 
age locations than the main memory unit. Thus, the 
addressing mechanism reads and decodes a much 
shorter address than would be required to address the 
main memory unit. 

Upon beginning a particular task or subroutine, data 
associated with that particular subroutine is loaded from 
the main memory Into the register file. Then, when the 
computer is finished with the subroutine, the data, includ- 
ing data that was changed or added during execution of 
the task or subroutine, is transferred from the register file 
back to the main memory. The register file may now be 
filled with data associated with the next subroutine 
required by or being executed by the arithmetic logic unit. 

This need to transfer data back and forth between 
the register file and the main memory each time a differ- 
ent subroutine is referenced slows the process of switch- 
ing between tasks or subroutines. Therefore, some have 
suggested using a register file divided into two sections 
so that data associated with two subroutines may be 
simultaneously stored within the register file. As gener- 
ally suggested, each section of the divided register file 
has a fixed size. 

In a computer of conventional architecture, the 
transfer of data between the main memory and the reg- 
ister file may be controlled by a memory management 
unit or other memory control device. 

Reduced Instruction Set Computer (RISC) architec- 
ture has become prominent as a mechanism to stream- 



line the execution of instructions by a computer 
processor. In such an environment, the speed of access 
to the memory may be more critical than in computers 
having a standard architecture. 

A RISC architecture device uses special load and 
store instructions to move data between the register file 
and the main memory In addition, a special register to 
register transfer instruction is used to move operands 
between registers of the register file. 

A RISC controller or processor may generally exe- 
cute instructions in accordance with the execution pipe 
illustrated in Figure 1 a. The four stages of the RISC exe- 
cution pipe are instruction fetch, operand fetch from reg- 
isters, execution in the arithmetic logic unit (ALU), and 
data memory access (read or write). 

The first stage of the execution pipe is instruction 
fetch. The required operands are fetched from registers 
during the second stage. Adder, shifter, and other oper- 
ations are executed during stage 3. Data memory access 
normally occurs during stage 4 and beyond, if necessary 
to complete the access. The RISC instruction execution 
pipe may also contain five stages, allowing for greater 
time for ALU operations and memory access. Other 
operations may be executed at stages 3 and beyond, 
depending on the instruction being executed. 

An alternative instruction pipe for multiply operations 
is illustrated in Figure 1 b. The multiply and add operation 
may extend from stage 3 into the first part of stage 4, with 
the accumulate function occurring during the latter part 
of stage 4. 

Generally an instruction is launched each clock 
time, and progresses through the RISC execution pipe 
at the rate of one stage per instruction cycle. If an oper- 
and is not available at the required time, a hardware inter- 
lock may hold up execution of the instruction requiring 
that operand. The hardware interlock may also hold up 
instruction execution if a preceding instruction is not suf- 
ficiently complete. 

SUMMARY OF THE INVENTION 

The present invention is a register file and the 
method of managing such a register file. 

In a computer having a memory and an arithmetic 
logic unit (ALU) for performing arithmetic operations on 
operands in accordance with program instructions, a 
register file in accordance with the invention includes a 
plurality of registers coupled to the memory and to the 
ALU for temporarily storing operands for use by the ALU. 
Each register has a unique absolute address. 

The register file additionally includes a mechanism 
for designating a first set of registers beginning with a 
first base address, and a second set of registers begin- 
ning with a second base address. The first set of regis- 
ters includes a first set of global registers commencing 
with a first global base address, and a first set of local 
registers commencing with a first local base address. 
The second set of registers includes a second set of glo- 
bal registers commencing with a second global base 
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address, and a second set of local registers commencing 
with a second local base address. 

The register file further contains an addressing 
mechanism. The addressing mechanism includes the 
capability of reading from an instruction a relative 
address, determining whether that relative address iden- 
tifies a register of the first register set or a register of the 
second register set, and calculating from the relative 
address the absolute address of the register to be 
addressed. If the register to be addressed is in the first 
set of global registers, the calculation additionally uses 
the first global base address, and if the register to be 
addressed is in the first set of local registers, the calcu- 
lation additionally uses the first local base address. If the 
register to be addressed is in the second set of global 
registers, the calculation uses the second global base 
address, and if the register to be addressed is in the sec- 
ond set of local registers, the calculation uses the second 
local base address. 

In accordance with one aspect of the invention, the 
designating means can designate, at a different time, a 
different plurality of the registers in the register file as the 
first set of registers, the different plurality of registers hav- 
ing absolute addresses beginning with a third base 
address. The addressing means then calculates from the 
relative address and the third base address the absolute 
address of the register to be addressed. 

The method of managing the register file in accord- 
ance with the invention includes designating a first set of 
registers comprising registers having absolute 
addresses commencing with a first base address, and 
designating a second set of registers comprising regis- 
ters having absolute addresses commencing with a sec- 
ond base address. Addressing a register of the register 
file includes reading from an address field in an instruc- 
tion a relative address, and determining whether that rel- 
ative address identifies a register of the first register set 
or of the second register set. If the relative address iden- 
tifies a register of the first set, the address of the register 
to be accessed is calculated from the relative address 
and the first base address. If the relative address identi- 
fies a register of the second set, the address of the reg- 
ister to be accessed is calculated from the relative 
address and the second base address. 

The register file management device and method of 
the invention permits efficient use of the registers in a 
register file. 

The present invention permits multiple register sets, 
each of arbitrary size and location within the register file, 
to be designated for different tasks and contexts. 

The present invention allows the size of each desig- 
nated register set to be readily changed. 

The present invention permits registers to be readily 
reassigned within a task or to different tasks. 

The present invention permits reassignment of the 
registers associated with a particular task for maximum 
usage of the registers of the register file. 

The register file management device and method of 
the invention additionally permits more than one task to 



have instantaneous access to registers in the register 
file, to support instantaneous context switching on calls, 
traps, exceptions, and returns. 

The invention further permits a system memory 
5 Stack that can be switched to a new stack location in the 
register file to support very fast switching for multi-task- 
ing. 

The device and method of the invention further per- 
mits automatic and incremental saving and restoring of 
10 data to data memory, to efficiently support register file 
overflow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Figures 1a and 1b are timing diagrams for an exe- 
cution pipe of a processor having a RISC architecture. 

Figure 2 is a block diagram of an embodiment of a 
signal processor designed in accordance with a RISC 
architecture, and in which the invention may be used. 

20 Figure 3 conceptually illustrates a register file in 
accordance with the invention connected to a memory 
and an arithmetic logic unit. 

Figure 4 illustrates a register file set up for a multiple 
task environment in accordance with the invention. 

25 Figure 5 illustrates the addressing of a single task 
section of a register file arranged in accordance with the 
invention. 

Figure 6 illustrates an embodiment of a register file 
arranged for a single task environment. 

30 Figure 7 illustrates the addressing of multiple win- 
dows of a single task section of a register file arranged 
in accordance with the invention. 

Figure 8 illustrates another scheme for register file 
addressing in accordance with the invention. 

35 Figure 9 and 1 0 illustrate the addressing of user and 
supervisor local registers of a register file in accordance 
with the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
40 EMBODIMENTS 

In a preferred embodiment, the register file of the 
present invention is particularly useful in a controller or 
a signal processor designed using a reduced instruction 
45 set computer (RISC). Therefore, such an environment 
will be briefly described. 

A block diagram of the core portion of a RISC archi- 
tecture device such as may incorporate the register file 
of the invention is shown in Figure 2. The illustrated 
50 device may implement a controller or a digital signal 
processor. The device includes an instruction execution 
unit 21 , a register file 23, an arithmetic logic unit (ALU) 
25, data memory 27, and program memory 29. 

The ALU 25 includes a multiply/accumulate unit 
55 (MAC) 31, comprising a multiplier, an adder, four accu- 
mulators, and a scaler. 

Instructions are stored in the program memory 29. 
Such instructions are generally capable of specifying two 
source operands and a destination operand. Each 
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instruction may be 32 bits in length. The instruction exe- 
cution unit 21 decodes the instructions read from the pro- 
gram memory and controls the various operations as the 
instructions progress through the execution pipe. 

Operands are stored in registers and in data mem- 
ory Register operands are most readily obtained from 
register space, which includes the register file 23, 
streamer data registers 33. and accumulators. Additional 
registers in expanded register space may be included. 
These registers may be accessed by only a limited set 
of instructions. Register space and expanded register 
space form the full register space. The register file 23 
primarily accommodates scalar operands and provides 
for both global and local environments. Streamer regis- 
ters 33 provide access to array operands in memory as 
though they were registers in register space. The accu- 
mulator registers provide storage for the results of the 
MAC unit 31 of the ALU 25. Other miscellaneous regis- 
ters may include internal and selected input/output reg- 
isters that require convenient access. 

Arithmetic, logic, and shift instructions are ©cecuted 
in the ALU 25. Operands are taken from the register 
space and results are returned to the register space. 
Operands can be transferred within the full register 
space using move instructions. The results of multiply 
instructions are destined to accumulator registers. 
These accumulator registers have extended length for 
holding a full product and guard bits to accommodate the 
overflows of numerous accumulations. 

Operands may be shuttled between the register 
space and data memory 27 by load and store instruc- 
tions, or automatic memory accessing hardware referred 
to as streamers. The memory addresses for load and 
store instructions come from the register file 23 (some 
from full register space) and can be modified as part of 
the load or store instruction execution. Memory 
addresses for the streamers are provided by streamer 
index registers, which are modified in the index modifier 
units 35. 

Although the details of the preferred embodiments 
will be described in connection with the register file 23, 
those skilled in the art will recognize that the invention 
may also be applied to the streamer registers 33, the 
accumulators, and other register environments to pro- 
vide instantaneous task and context switching within 
those registers. 

Information may be stored in the data memory 27 in, 
for example, 32-bit words. In the register space, oper- 
ands may also be stored as 32-bit words. If necessary 
operands are extended or truncated when loaded from 
or to memory according to the data type conversions 
specified in load/store instructions or streamer context 
registers. Of course, other length data words may also 
be used. 

Conditional branches (PC relative address), jumps 
(absolute address), calls, traps, and returns are condi- 
tionally executed after a delay cycle in which a "delay 
slot" instruction can be selectively executed according to 
options provided by the instructions. 



The RISC signal processor device illustrated in Fig- 
ure 2 has separate spaces for information storage: mem- 
ory space and register space. The device includes 
separate program memory and data memory buses 41 , 

5 43 (sometimes referred to as Harvard architecture). 
However, the program memory and the data memory 
address spaces can be considered separate or co-min- 
gled for specific device implementations. Maintaining 
separate buses inside the device permits simultaneous 

10 access of memory blocks. However, both buses can be 
used to address the same address space, and same 
information is accessible from any bus. 

A program memory bus 41 and data memory and 
additional auxiliary memory buses 43 may be included. 

15 The program memory bus originates in the instruction 
execution unit, and is used for instructions and branch 
tables. The data memory bus is used by load and store 
instructions or streamers for transferring data between 
the registers and the data memory 

20 

Register File 

The register file 23 provides register space storage 
for operands for more rapid access by the ALU. Each 

25 register of the register file may have the same size as 
the size of the data words stored in data memory so that 
each register can store a data word. Each register of the 
register file has a unique absolute address. Virtually any 
number of registers may be included in the register file. 

30 Different embodiments may, for example, accommodate 
from 32 or fewer to over 2000 registers in the register file. 

Referring to Figure 3, a register file 23 constructed 
in accordance with the invention is connected via data 
buses 43 to the arithmetic logic unit (ALU) 25 and the 

35 main data memory 27. Data may be read from the main 
data memory unit 27 and stored in the registers of the 
register file for rapid access by the ALU. In addition, the 
results of operations performed by the ALU may be tem- 
porarily stored in the register file for future use by the 

40 ALU without the need to transfer them into the main data 
memory Finally data stored in the register file, including 
data added or altered by the operations of the ALU, may 
be returned to the main memory unit when the rapid 
access from the register file is no longer needed, or when 

45 the space in the register file is needed for other opera- 
tions. 

In accordance with the present invention, a register 
file addressing mechanism 45 calculates the absolute 
address of a desired register within the register file from 

50 a base address and a relative address read from an 
address field of the instruction being executed by the 
ALU 25. The addressing mechanism 45 designates par- 
ticular registers for each task or context within a task. 
Each such set of registers comprises the registers hav- 

55 ing addresses beginning with a particular base address. 
When an instruction within or pertaining to that task or 
context is being executed by the ALU, and a relative 
address is read from the address field of the instruction, 
the register file addressing mechanism computes from 
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the relative address and the register file base address 
for the registers associated with that task or context, the 
absolute address of the desired register. That register 
may then be accessed. 

Referring now to Figure 4, an exemplary register file s 
23 set up for an arbitrary number of tasks is illustrated. 
Although in the present description separate tasks are 
considered separate routines being executed by a single 
ALU, such separate tasks could be separate routines 
being executed by different ALUs operating simultane- 
ously. 

As shown in Figure 4, a first set of registers 51 is 
provided or designated for a first task environment. This 
set of registers may be those registers having absolute 
addresses between a first base address (i.e., local base 
1) and a first maximum address (i.e., local base 2). A 
second set of registers 52, having absolute addresses 
beginning with a second base address (local base 2), is 
provided for a second task environment, and so forth, 
through the nth set of registers 53 for the nth task envi- 
ronment. The nth set of registers may have addresses 
beginning with an nth base address (local base n). 

As will become apparent from further description of 
the register file constructed and operated in accordance 
with the invention, the number of task environments that 
may be supported within the register file is essentially 
arbitrary and may even change at different times during 
the operation of the device, depending on the needs of 
the program. It will also become apparent that the 
number of registers in each set is also essentially arbi- 
trary and may be different for each set. Furthermore, the 
number of registers assigned to a set may change over 
time. The register sets need not necessarily be immedi- 
ately adjacent to one another. 

Within each task environment of the register file, 
separate register groupings may be provided for global 
operands and local operands. A global operand is an 
operand that may be accessed from several contexts 
within the task. A local operand is an operand that is 
applicable only to a specific context within the task. The 
register groupings for local operands provide facilities for 
nearly instantaneous context switching for calls, excep- 
tions, traps, and returns. In Rgure 4, the global registers 
for each task are those having addresses beginning with 
the corresponding global base address (i.e., "global base 
1" for task 1, "global base 2" for task 2, etc.). The local 
registers for each task are those registers having abso- 
lute addresses beginning with the corresponding local 
base address (i.e., "local base 1 ," "local base 2," etc.). 

Figure 5 illustrates an exemplary set of registers 
designated for a particular task within the multiple task 
register file shown in Figure 4. This set of registers 
includes those registers between a base address RFL 
and a maximum address RFG+31. 

In the preferred embodiment illustrated, there are 32 
global registers designated for the task. Each global reg- 
ister has a capacity of 32 bits. The global base register 
has an absolute address of RFG, and the global registers 
include those registers between the global base address 



RFG and a maximum address of RFG+31 . The 32 global 
registers then may have addresses relative to the global 
base register of GRO through GR31. Relative address 
GRO corresponds to absolute register address RFG. 
Thus, the absolute address of each global register may 
be obtained by performing a calculation using the global 
base address and a relative address read from an 
instruction field. For example, the relative address "i" 
read from the instruction field may be added to the global 
base address RFG to obtain the absolute address "a" of 
the register to be addressed: 

a = i + RFG. 

The absolute address for the base register of the glo- 
bal registers (RFG) may be an eleven bit register 
address. However, the least significant three bits are 
preferably always 0, so that the global base register 
advances in blocks of eight registers, and the address 
can be stored in eight bits. 

In a single task environment having only a single set 
of global registers, the 32 global registers may be fixed, 
such as is illustrated in Figure 6. The global register with 
address "0" (GRO) may be hard wired with a 0 in every 
bit position, so that it always is read as "0" and cannot 
be modified. The global register with address "1" (GR1) 
may be reserved as the memory stack pointer. Certain 
instructions may access it implicitly The global registers 
(GR0-GR31) may be addressed directly by fields in the 
instructions. 

Each set of registers assigned to a task also includes 
local registers. The local registers are used for temporary 
storage of the program counter return address, status 
register, system stack pointer, passed parameters, and 
intermediate operands. 

Each set of local registers has a local base register 
having a local base address. Figure 5 illustrates the local 
registers as those having addresses between local base 
address RFL and maximum address RFG-1. Virtually 
any number of registers may be included in each set of 
local registers. For example, 64 registers may be 
included, each having a 32 bit capacity In the multi-task 
environment, because of the relative address mecha- 
nism of the invention, the various local register sets need 
not be of the same size, nor remain constant, as the rel- 
ative position and size may be changed simply by chang- 
ing the absolute base address for the set (RFL), or by 
changing the absolute base address for the global reg- 
ister set that determines the upper boundary of the reg- 
ister set (RFG). 

Within the local register set for the task, one or more 
subsets or windows 61 of local registers may be desig- 
nated for particular contexts within the task. Such a sub- 
set may consist of those registers having absolute 
addresses beginning with a subset base address RFB. 
The subset base address RFB in the multi-task environ- 
ment may be an eleven-bit (1 1 -bit) address whose least 
significant bit is zero. This allows the address to be stored 
in ten bits, and ensures the register subset advances in 
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pairs of registers. In tlie single task environment shown 
in Figure 6, a six-bit (6-bit) address for RFB may be suf- 
ficient. The least significant bit may still be zero. 

The subset base address RFB provides an offset of 
the register window from the bottom of the register file. 5 
This subset base address must be within the range 
assigned to the task as local registers. For example, the 
illustration shows 32 registers having absolute 
addresses between absolute address RFB and RFB+31 
as a designated subset. Thus, each register within the 
32 register subset may be addressed by reading from 
the instruction field the local relative address (LR0-LR31) 
and performing a calculation involving that relative 
address and the subset base address RFB to obtain the 
absolute address of the register. This subset becomes a 
"window" of registers that may be addressed relative to 
the base register RFB. This window of registers may be 
relocated up or down the register file during calls, excep- 
tions, traps, and returns, to form a system stack. This 
relocation or movement of the register window can be 
accomplished by simply changing the subset base 
address RFB. 

In a preferred form, the calculation comprises add- 
ing the relative address (for example, "i") to the subset 
base address RFB. Relative address 0 (local register 
LRO) then accesses the register having absolute 
address RFB. If this sum i + RFB is less than RFG (the 
absolute address for the base register of the global reg- 
isters), the local register having an absolute address 
("a") equal to that sum is addressed. Thus: 

a = i + RFB. 

If, however, the sum is greater than or equal to RFG, 
the resulting absolute address would identify a register 
already designated as a global register. Therefore, logic 
is built into the addressing mechanism so that the subset 
or window "wraps around" from the top of the local reg- 
ister set to the bottom of that local register set. If the sum 
i + RFB is greater than or equal to RFG, then the absolute 
address equals the sum minus the absolute address of 
the base register of the global registers (RFG), plus the 
base register for the set of local registers (RFL). Thus: 

a = i + RFB - RFG + RFL 

This mechanism permits the subsets of local regis- 
ters to "wrap around" from the top of the set of local reg- 
isters to the bottom, to avoid intruding into the global 
registers, and to use the registers of the register file to 
maximum efficiency. The window of registers may thus 
be set anywhere within the local set of registers by simply 
designating the appropriate subset base address RFB. 

More than one window (or subset) of registers may 
be designated at a time for separate contexts within a 
task. Each subset has its own unique subset base 
address RFB. These may be set independently because 
of the flexibility afforded by addressing each register rel- 
ative to a base address. In some circumstances, it may 



even be desirable to have subsets overlap. Such overlap 
permits the overlapping registers to be accessed in sep- 
arate contexts, so that certain operands may easily be 
shared. 

An exemplary arrangement of a task environment 
having two subsets of local registers designated is 
shown in Figure 7. A first subset 71 , such as might be 
assigned to or designated for a first context, is shown 
comprising those registers having addresses beginning 
with a first subset base address RFB1 . A second register 
subset 72, such as might be designated for a second 
context within the task is shown as comprising those reg- 
isters having addresses beginning with a second subset 
base address RFB2. Additional subsets or windows may 
be designated within the task as required. Furthermore, 
multiple subsets may also be set up in the other task envi- 
ronments of the register file set up for multiple tasks. 

One way to organize the windows in a single task 
environment is to form a stacking arrangement of over- 
lapping windows. 

A system stack may be implemented using the local 
registers of register file 23 and a data memory stack in 
the data memory 27. The local register file window (sub- 
set of registers) 61 (Figure 5) may be the current top of 
stack area. The other local registers, which contain pre- 
vious data, comprise the next portion of the stack, and 
the oldest contents reside in the data memory stack. 
Calls, traps, and exceptions may advance the window 
(register subset) 61 and store return information in the 
new LRO (and LR1). Returns restore the window to its 
previous location using the return information. 

The system stack operation may be accomplished 
by including in LRO the displacement to RFB and the pro- 
gram counter return address. In addition, the status reg- 
ister address may be stored in LR1 , and the registers for 
parameter passing and intermediate operands are the 
local subset registers having relative addresses LR2 and 
up. The pointer for this system stack is the subset base 
register address RFB, which can be modified by dis- 
placements associated with calls, exceptions, traps, and 
returns. 

Each register window or subset can be moved within 
the local register set for that task by simply changing the 
subset base address RFB for that subset. The instruction 
execution remains unaffected because it operates on the 
basis of relative addresses within the window, which 
remain constant. To move a register window, a new sub- 
set of registers having absolute addresses beginning 
with a new subset base address RFB may be desig- 
nated. Then, to address a register in the moved window, 
the relative address read from the address field of the 
instruction is added to the new subset base address to 
obtain the absolute address of the register to be 
accessed. 

Furthermore, an entire register set for a particular 
task environment may be moved by designating a new 
base address RFL for that task. Because the calculation 
of the absolute addresses of registers of the global set 
of registers depends on a calculation directly from the 
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global base address RFG, the new RFG should also be 
specified. 

Both of these movability features permit the register 
file to be configured for maximunfi efficiency in the use of 
the registers. For example, a register window that must s 
be enlarged could be moved to a section of the register 
file that has more available registers. Or, one register 
window may be moved to accommodate the enlarge- 
ment of an adjacent window. Similar movement of entire 
register sets assigned to separate tasks further 
increases the ability to efficiently use the registers of the 
register file. 

In the multi-task arrangement illustrated in Figures 
4, 5 and 7, the local register base address RFL may be 
an eleven-bit (11 -bit) address. The least significant three 
bits are preferably always zero (0), so that the local reg- 
ister base always advances in blocks of eight registers 
and the address can be stored in eight bits. Each register 
window subset base address RFB is also an 11 -bit 
address. 

Preferably the least significant bit of the address 
RFB is always zero (0), so that the register window base 
advances in pairs of registers, and the address can be 
stored in ten bits. 

In a single task embodiment illustrated in Figure 6 
having 64 local registers, the absolute address for the 
base register of the subset of local registers (RFB), is 
preferably expressed as a six bit address. The least sig- 
nificant bit of the address is preferably always 0, so that 
the local register 0 (LRO) is always at an even absolute 
address. 

A register file reserve may be used to reserve local 
registers for use by the current program, to keep them 
from being overwritten by an exception or trap. This reg- 
ister file reserve may be designated RFR, and may 
reserve, for example, from 4 to 34 local registers. The 
register file reserve RFR may be a 5-bit address modifier 
whose least significant bit is always 0. Thus, RFR 
reserves an even number of registers, and can be stored 
in 4 bits. Specifically, RFR reserves registers LRO 

through LR(RFR+3), where RFR = 0, 2, 4 30. When 

the reserve value RFR is added to the subset base 
address RFB, the resulting address is always even, if 
RFR and RFB both contain a fixed zero in the least sig- 
nificant bit position. 

Referring to Figure 5, the location of reserved reg- 
isters 62 is indicated. In the illustrated embodiment, the 
value of RFR is greater than the number of registers in 
the subset of registers assigned to the current program. 

A reserve instruction enters a new value for RFR, 
and automatically saves previous data, if any, from the 
local registers being reserved to the memory stack in the 
data memory 27. The reserve instruction may also set 
exception enables and may relocate the memory stack 
pointer by adding an unsigned eight-bit field to the mem- 
ory stack pointer in the global register having relative 
address GR1. After a call, exception, or trap, the first 
instruction in the subprogram should be a reserve 
instruction. 



A call instruction may contain a displacement field 
(RFD), which is used to modify the subset base register 
address RFB to relocate the register file window or sub- 
set. The new subset base register address may be cal- 
culated by adding to the old base register absolute 
address the displacement RFD+2. Thus: 

New RFB = Old RFB + RFD + 2 

The two is added to the displacement to automat- 
ically protect the return information in the local registers 
LRO and LR1. 

The displacement value RFD may be, like the regis- 
ter file reserve value RFR, a 5-bit address modifier 
whose least significant bit is always 0, so that it can be 
stored in 4 bits. Alternatively, in environments in which 
smaller register file sets are to be used, and thus smaller 
displacement values are to be expected, the displace- 
ment field RFD may be a 4-bit value that can be added 
to the four least significant alterable bits of the base reg- 
ister absolute address RFB. 

If the displacement value RFD is greater than the file 
register reserve value RFR, some registers may be in 
danger of being ovenwritten. Thus, caution will need to 
be exercised in accessing such registers. The displace- 
ment value RFD, the register file reserve value RFR, and 
the return address for the program counter are stored in 
the register file location addressed by new base register 
having local relative address LRO. 

When the ALU encounters an exception, or a trap 
instruction is executed, the register file reserve modifier 
RFR is used to modify the subset base register address 
RFB to relocate the register file window. The reserve 
value RFR is added to the local subset window base 
address RFB in setting the new subset base address, to 
move the local window past the registers being pro- 
tected. The new base register absolute address is cal- 
culated from the old base register address by adding the 
value of the reserve displacement RFR plus two. Thus: 

New RFB = Old RFB + RFR + 2 

The old RFR value and the return address for the 
program counter are stored in the new LRO. The status 
register is stored in the new LR1 . A return instruction exe- 
cuted by the ALU restores the local subset window reg- 
ister address RFB to its previous value by subtracting the 
displacement RFD+2 from it (if a call return), or the reg- 
ister file reserve value RFR+2, if the return is from an 
exception or trap. In either of these cases, the reserve 
value, program counter, and status register (if an excep- 
tion or trap return) are restored. 

The additional "2" added to the displacements RFR 
and RFD automatically protects return information that 
is stored in the registers having relative addresses LRO 
and LR1. 

An autosave mode may provide for loading the con- 
tents of local registers into the data memory stack, to 
free up those registers protected by the reserve instruc- 
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tion. An autorestore mode permits the restoring of saved 
register contents back to the local registers from the data 
memory stackduring a return instruction. Local registers 
should only be saved or restored when they are in danger 
of being ovenA^ritten, and then only if the autosave mode 5 
bit in the status register is enabled. 

A registerf ile save register having address RFS may 
be used as a pointer dividing the local registers with the 
oldest data from those with the newer data. This register 
may contain the register file absolute address of the next 
local register to be saved, or the one above the next local 
register to be restored. Thus, the contents of register 
RFS divides the registers that have already been saved, 
and thus may be overwritten, from those that should not 
be overwritten. When the ALU is operating in a context 
that accesses a subset of registers having absolute 
addresses beginning with RFB, the register file logic 
ensures that the registers to be accessed do not contain 
data that should not be ovenwritten. This criterion is met 
if the subset of registers to be accessed, plus registers 
reserved by RFR. are all below the register identified by 
the contents of register RFS. 

If the register file save register address RFS is 
greater than the register subset window absolute 
address RFB, then the local registers are considered 
"safe" from being ovenwritten if the register file save reg- 
ister address RFS is greater than the window base 
address RFB plus the reserve value RFR plus 3. Thus, 
the accessed registers are safe if: 

RFS > RFB + RFR + 3. 

If, however, RFS is less than or equal to RFB, then 
the local registers being accessed are safe if: 

RFS + RFG - RFL > RFB + RFR + 3. 

The latter computation accounts for the local register 
window "wrapping around" to the bottom of the registers 
assigned to the task. 

A data memory stack address may be stored in a 
register having absolute address RFM. This data mem- 
ory stack address points to the data at the top of the 
memory stack in the data memory The contents of the 
register RFM may be a 32-bit address. 

During a reserve instruction, local registers may be 
automatically saved to the data memory stack until the 
safe criteria is satisfied. During a return, a delay slot 
instruction is executed first, then the window base 
address RFB is restored next, then the local registers are 
automatically restored from the data memory stack until 
the safe criteria is met. 

When the autosave and autorestore modes are 
used, local register file address calculations are per- 
formed in a "modulo" fashion so that the register address 
remains less than RFG and no less than RFL. This 
means that if an address calculation gives a result 
greater than or equal to RFG, then the quantity (RFG - 
RFL) is subtracted from the calculation to cause the 



address to "wrap" to the bottom of the local register set. 
If an address calculation gives a result less than RFL, 
then the quantity (RFG - RFL) is added to the calculation 
to cause the address to "wrap" to the top of the local reg- 
ister set. 

One of the significant benefits of a register file con- 
structed and managed in accordance with the invention 
is that the ALU may switch between contexts, or even 
between tasks, virtually instantaneously. Task switching 
may be accomplished by transferring to a task switching 
routine. 

A trap instruction should be used if a future return to 
the old task is desired. A trap pushes return information 
onto the system stack of the new task. 

The task switching routine saves the values RFM, 
RFG, RFL, RFS, and RFB if a return to the old task is 
desired, and then loads these registers with information 
about the new task. The data memory stack pointer in 
register RFM is stored and restored as a separate 32 bit 
word. The local and global base addresses RFL and 
RFG may be jointly stored and restored using one word. 
This is possible because each is eleven bits in length. 
Thus, each fits in one half of the 32 -bit word. The save 
address RFS and the base for the local register subset 
window RFB may be jointly stored using another word. 
These addresses are also eleven bits, so they each fit in 
one half of the 32-bit word. 

If automatic saving and restoring of the local regis- 
ters to memory is not necessary, all that need be done 
to switch tasks is to reload the local base address RFL 
for the set of registers associated with the task, and the 
global base address RFG. The register file base register 
address RFB for a particular context may also be modi- 
fied for the particular context within the task being 
addressed. 

Those skilled in the art may find another scheme of 
register file addressing, which is illustrated in Figure 8, 
particularly useful. The lower 32 addresses may be used 
for global registers ("G") and the upper addresses for 
local registers ("L"). The register file should have contig- 
uous addressing and no gaps will appear between the 
global register allocation and the local registers. With 
that in mind, the global registers can now be accessed 
as local registers simply by positioning a base register 
within the global address range. In this way, a portion of 
the lower 32 registers can be allocated as local registers 
instead of global registers. The re-assignment should be 
positioned to replace the higher global registers. 

Figure 9 and 10 illustrate a further register file 
addressing particularly suited for user and supervisor 
local addressing. If the address space 90 indicates glo- 
bal registers 94, then the lower 32 global registers 94 
may be addressed. However, if the address space 90 
indicates local registers 95, then a mode bit 91 (in a sta- 
tus register) will be used to determine whether it is 
intended for a user local or a supervisor local register. 
Then, the local register, whether it is supervisor or user, 
can be accessed based on the relative address within 
the local portion of the address space 90. Note that both 
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the user and supervisor registers have their respective 
RFBU 96 (Register File Base User) and RFBS 97 (Reg- 
ister File Base Supervisor) for accessing the target reg- 
ister based on the relative address. 

Although particular embodiments of the invention 5 
have been described above and its use in a particular 
environment has been illustrated, those skilled in the art 
will recognize that numerous modifications may be 
made, and that many other environments may employ 
the invention. io 

SUMMARY OF THE INVENTION 

1 . A method of managing a registerfile in which each 
register has a unique absolute address, the method is 
comprising: 

designating a first set of registers, said first 
set comprising registers having absolute addresses 
commencing with a first base address; 

designating a second set of registers, said 20 
second set comprising registers having absolute 
addresses commencing with a second base 
address; and 

addressing a register of said register file, said 
addressing step comprising: 25 

reading a relative address from an address 
field in an instruction; 

determining whether said relative address 
identifies a register of said first register set or a reg- 
ister of said second register set; 30 

if said relative address identifies a register of 
said first set, calculating from said relative address 
and said first base address the absolute address for 
the register to be addressed; and 

if said relative address identifies a register of 35 
said second set, calculating from said relative 
address and said second base address the absolute 
address for the register to be addressed. 

2. The method wherein: 

said first set of registers is associated with a 40 
first task and said second set of registers is associ- 
ated with a second task; 

said step of determining whether said relative 
address identifies a register of said first set com- 
prises determining whether said instruction is in said 45 
first task; and 

said step of determining whether said relative 
address identifies a register of said second set com- 
prises determining whether said instruction is in said 
second task. so 

3. The method wherein: 

if said relative address identifies a register of 
said first set, said calculation comprises adding said 
relative address to said first base address; and 

if said instruction is addressing a register of 55 
said second set, said calculation comprises adding 
said relative address to said second base address. 

4. The method additionally comprising: 

when said first task is being performed, load- 



ing said first base address into a base address reg- 
ister; and 

when said second task is being performed, 
loading said second base address into said base 
address register; 

wherein said steps of determining whether 
said instruction is in said first task or said second 
task comprises reading the contents of said base 
address register. 

5. The method additionally comprising: 

designating a third set of registers, said third 
set of registers comprising registers having absolute 
addresses commencing with a third base address; 

said step of addressing a register of said reg- 
ister file additionally comprises determining whether 
said relative address identifies a register of said third 
register set. 

6. The method additionally comprising, when said 
first task is being performed, loading said third base 
address into said base address register, and not 
loading said first base address, wherein: 

said step of determining whether said relative 
address identifies a register of said third register set 
comprises reading the contents of said base 
address register. 

7. The method additionally comprising: 

designating a third set of registers, said third 
set of registers comprising registers having absolute 
addresses commencing with a third base address; 

disassociating said first set of registers and 
said first task; and 

associating said third set of registers and said 
first task. 

8. The method wherein said step of determining 
whether said relative address identifies a register of 
said third set comprises determining whether said 
instruction is in said first task. 

9. The method wherein: 

said first set of registers is associated with a 
first task and said second set of registers is associ- 
ated with a second task; 

when said first task is being performed, said 
first base address is loaded into a base address reg- 
ister; 

when said second task is being performed, 
said second base address is loaded into said base 
address register; and 

determining whether said relative address 
identifies a register of said first register set or a reg- 
ister of said second register set comprises reading 
the contents of said base address register. 

10. The method wherein: 

said first register set includes a first set of glo- 
bal registers having absolute addresses commenc- 
ing with a first global base address, and a first set of 
local registers having absolute addresses com- 
mencing with a first local base address; 

said second register set includes a second 
set of global registers having absolute addresses 
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commencing with a second global base address, 
and a second set of local registers having absolute 
addresses commencing with a second local base 
address; and 

said addressing step additionally includes: 5 

determining if said relative address identifies 
a register of said first set of global registers, and, if 
so, calculating the address of the register to be 
addressed from said relative address and said first 
global base address; ra 

determining if said relative address identifies 
a register of said first set of local registers, and, if so, 
calculating the address of the register to be 
addressed from said relative address and said first 
local base address; 15 

determining if said relative address identifies 
a register of said second set of global registers, and, 
if so, calculating the address of the register to be 
addressed from said relative address and said sec- 
ond global base address; and 20 

determining if said relative address identifies 
a register of said second set of local registers, and, 
if so, calculating the address of the register to be 
addressed from said relative address and said sec- 
ond local base address. 25 
11 . A method of managing a register file comprising 
a plurality of registers, each register having a unique 
absolute address, the method comprising: 

assigning to a first task a first set of registers 
commencing with a first base address, wherein said 30 
first register set includes a first set of global registers 
commencing with a first global base address, and a 
first set of local registers commencing with a first 
local base address; 

assigning to a first context within said first 35 
task a first subset of said first set of local registers, 
said first subset commencing with a first context 
base address; 

assigning to a second context within said first 
task a second subset of said first set of local regis- 4o 
ters, said second subset commencing with a second 
context base address; 

assigning to a second task a second set of 
registers commencing with a second base address, 
wherein said second set of registers includes a sec- 45 
ond set of global registers commencing with a sec- 
ond global base address, and a second set of local 
registers commencing with a second local base 
address; 

addressing one of said global registers of so 
said first set of registers by reading from an address 
field of an instruction pertaining to said first task a 
first relative address, determining that said address 
identifies a global register assigned to said first task, 
and calculating from said first global t^ase address ss 
and said first global relative address the absolute 
address for said global register; 

addressing a first local register, said first local 
register being in said first subset of registers, by 



reading from an address field of an instruction a sec- 
ond relative address, determining that said instruc- 
tion pertains to said first context within said first task, 
and calculating from said first context base address 
and said second relative address the absolute 
address for said first local register; and 

addressing a second local register, said sec- 
ond local register being in said second subset of reg- 
isters, by reading from an address field of an 
instruction a third relative address, determining that 
said instruction pertains to said second context of 
said first task, and calculating from said second con- 
text base address and said third relative address the 
absolute address for said second local register. 

12. The method additionally comprising: 

subsequently assigning to said first context 
of said first task a third subset of said first set of reg- 
isters commencing with a third context base 
address; and 

addressing a third local register, said third 
local register being in said third subset of said first 
set of registers, by reading from an address field of 
an instruction a fourth relative address, determining 
that said instruction pertains to said first context of 
said first task, and calculating from said fourth rela- 
tive address and said third context base address the 
absolute address for said third local register. 

13. The method additionally comprising: 

reassigning to said first task a third set of reg- 
isters commencing with a third base address, 
wherein said third set of registers includes a third set 
of global registers commencing with a third global 
base address, and a third set of local registers com- 
mencing with a third local base address; 

reassigning to said first context within said 
first task a third subset of registers, within said third 
set of registers, said third subset commencing with 
a third context base address; 

reassigning to said second context within 
said first task a fourth subset of registers, within said 
third set of registers, said fourth subset commencing 
with a fourth context base address; 

addressing a second one of said global reg- 
isters of said third set of registers by reading from 
an address field of an instruction pertaining to said 
first task a fourth relative address, determining that 
said instruction address field identifies a global reg- 
ister assigned to said first task, and calculating from 
said third global base address and said fourth rela- 
tive address the absolute address for said second 
global register; 

addressing a third local register, said third 
local register being in said third register subset, by 
reading from an address field of an instruction a fifth 
relative address, determining that said instruction 
pertains to said first context of said first task, and 
calculating from said third context base address and 
said fifth relative address the absolute address for 
said third local register; 
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addressing a fourth local register, said fourth 
local register being in said fourth subset of registers, 
by reading from an address field of an instruction 
pertaining to said second context of said first task a 
sixth relative address, determining that said instruc- 5 
tion pertains to said second context of said first task, 
and calculating from said fourth context base 
address and said sixth relative address the absolute 
address for said fourth local register. 

14. The method additionally comprising: 10 

assigning to a first context within said second 
task a third subset of registers, within said second 
set of local registers, said third subset commencing 
with a third context base address; 

addressing one of said registers of said sec- is 
ond set of global registers, said addressing compris- 
ing: 

reading from an instruction address field a 
fourth relative address; 

determining that said instruction address 20 
field identifies a global register assigned to said sec- 
ond task; and 

calculating from said second global base 
address and said fourth relative address the abso- 
lute address for said global register of said second 25 
set; and 

addressing one of said local registers of said 
second set of local registers, said addressing com- 
prising: 

reading from an instruction address field a 30 
fourth relative address; 

determining that said instruction pertains to 
said first context of said second task; and 

calculating from said third context base 
address and said fifth relative address the absolute 35 
address for said local register of said second set. 

1 5. In a computer having a memory and an arithme- 
tic logic unit (ALU) for performing arithmetic opera- 
tions on operands in accordance with program 
instructions, a register file comprising: 40 

a plurality of registers coupled to said mem- 
ory and to said ALU for temporarily storing operands 
for use by said ALU, wherein each of said registers 
of said register file has a unique absolute address; 

means for designating a first set of said reg- 45 
isters, said first set comprising registers having 
absolute addresses commencing with a first base 
address, wherein said first set of registers includes 
a first set of global registers commencing with a first 
global base address, and a first set of local registers so 
commencing with a first local base address; 

means for designating a second set of said 
registers, said second set comprising registers hav- 
ing absolute addresses commencing with a second 
base address, wherein said second set of registers 55 
includes a second set of global registers commenc- 
ing with a second global base address, and a second 
set of local registers commencing with a second 
local base address; and 



means for addressing a register of said reg- 
ister file, said addressing means comprising: 

means for reading from an instruction a rela- 
tive address; 

means for determining whether said relative 
address identifies a register of said first register set 
or a register of said second register set; and 

means for calculating the absolute address 
of the register to be addressed from said relative 
address and said first global base address, if said 
relative address identifies a register of said first set 
of global registers; or said first local base address, 
if said relative address identifies a register of said 
first set of local registers; or said second global base 
address, if said relative address identifies a register 
of said second set of global registers; or said second 
local base address if said relative address identifies 
a register of said second set of local registers. 

16. The register file wherein said means for deter- 
mining whether said relative address references a 
register of said first set of registers, or a register of 
said second set of registers comprises means for 
determining whether said ALU is operating in a first 
task, or in a second task. 

17. The register file wherein: 

said first set of registers includes a first set of 
global registers commencing with a first global base 
address, and a first set of local registers commenc- 
ing with a first local base address; and 

said second set of registers includes a sec- 
ond set of global registers commencing with a sec- 
ond global base address, and a second set of local 
registers commencing with a second local base 
address. 

18. The register file wherein: 

said designating means additionally includes 
means for designating within said first set of local 
registers a first local subset beginning with a first 
local subset base address, and a second local sub- 
set or registers beginning with a second local subset 
base address; and 

said means for determining whether said 
ALU is operating in said first task or in said second 
task additionally determines, if said ALU is operating 
in said first task, whether said ALU is operating 
within a first context or a second context. 

Claims 

1 . A method of managing a register file 23, comprising: 

designating at least one set of registers 51, 
52, 53; 

addressing one of said at least one set of reg- 
isters 51 , 52, 53; 

reading said one of said at least one set of 
registers 51, 52, 53. 

2. A method of managing a register file 23 in which 
each register has a unique absolute address 45, the 
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method comprising: 

designating a first set 51 of registers, saidf irst 
set comprising registers having absolute addresses 
commencing with a first base address; 

designating a second set 52 of registers, said 5 
second set comprising registers having absolute 
addresses commencing with a second base 
address; and 

addressing a register of said register file 23, 
said addressing step comprising: 

reading a relative address from an address 
field in an instruction; 

determining whether said relative address 
identifies a register of said first register set 51 or a 
register of said second register set 52; 

if said relative address identifies a register of 
said first set 51, calculating from said relative 
address and said first base address the absolute 
address for the register to be addressed; and 

if said relative address identifies a register of 
said second set 52, calculating from said relative 
address and said second base address the absolute 
address for the register to be addressed. 

3. The method preferably defined in Claim 2 wherein: 25 

said first set 51 of registers is associated with 
a first task and said second set 52 of registers is 
associated with a second task; and 

said step of determining whether said relative 
address identifies a register of said first set 51 com- 30 
prises determining whether said instruction is in said 
first task; and 

said step of determining whether said relative 
address identifies a register of said second set 52 
comprises determining whether said instruction is in 35 
said second task. 

4. The method preferably defined in Claim 3, addition- 
ally comprising: 

when said first task is being performed, load- 4o 
ing said first base address into a base address reg- 
ister; and 

when said second task is being performed, 
loading said second base address into said base 
address register; 45 

wherein said steps of determining whether 
said instruction is in said first task or said second 
task comprises reading the contents of said base 
address register. 

50 

5. The method preferably defined in Claim 4, addition- 
ally comprising: 

designating a third set 53 of registers, said 
third set of registers comprising registers having 
absolute addresses commencing with a third base 55 
address; 

said step of addressing a register of said reg- 
ister file additionally comprises determining whether 



said relative address identifies a register of said third 
register set 53. 

6. The method preferably defined in Claim 5, addition- 
ally comprising, when said first task is being per- 
formed, loading said third base address into said 
base address register, and not loading said first base 
address, wherein: 

said step of determining whether said relative 
address identifies a register of said third register set 
53 comprises reading the contents of said base 
address register. 

A method of managing a register file 23 comprising 
a plurality of registers, each register having a unique 
absolute address 45, the method comprising: 

assigning to a first task a first set 51 of regis- 
ters commencing with a first base address, wherein 
said first register set 51 includes a first set of global 
registers commencing with a first global base 
address, and a first set of local registers commenc- 
ing with a first local base address; 

assigning to a first context within said first 
task a first subset of said first set of local registers, 
said first subset commencing with a first context 
base address; 

assigning to a second context within said first 
task a second subset of said first set of local regis- 
ters, said second subset commencing with a second 
context base address; 

assigning to a second task a second set 52 
of registers commencing with a second base 
address, wherein said second set of registers 
includes a second set of global registers commenc- 
ing with a second global base address, and a second 
set of local registers commencing with a second 
local base address; 

addressing one of said global registers of 
said first set of registers by reading from an address 
field of an instruction pertaining to said first task a 
first relative address, determining that said address 
identifies a global register assigned to said first tasK 
and calculating from said first global base address 
and said first global relative address the absolute 
address for said global register; 

addressing a first local register, said first local 
register being in said first subset of registers, by 
reading from an address field of an instruction a sec- 
ond relative address, determining that said instruc- 
tion pertains to said first context within said first task, 
and calculating from said first context base address 
and said second relative address the absolute 
address for said first local register; and 

addressing a second local register, said sec- 
ond local register being in said second subset of reg- 
isters, by reading from an address field of an 
instruction a third relative address, determining that 
said instruction pertains to said second context of 
said first task, and calculating from said second con- 
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23 

tejct base address and said third relative address the 
absolute address Ibr said second local register. 

8. The method preferably defined in Claim 7, addition- 
ally comprising: 5 

subsequently assigning to said first context 
of said first task a third subset of said first set of reg- 
isters commencing with a third context base 
address; and 

addressing a third local register, said third io 
local register being in said third subset of said first 
set 51 of registers, by reading from an address field 
of an instruction a fourth relative address, determin- 
ing that said instruction pertains to said first context 
of said first task, and calculating from said fourth rel- 15 
ative address and said third context base address 
the absolute address for said third local register. 

9. In a computer having a memory 27 and an arithmetic 
logic unit 25 (ALU) for performing arithmetic opera- 20 
tions on operands in accordance with program 
instructions, a register file 23 comprising: 

a plurality of registers coupled to said mem- 
ory 27 and to said ALU 25 for temporarily storing 
operands for use by said ALU 25, wherein each of 25 
said registers of said register file 23 has a unique 
absolute address 45; 

means for designating a first set 51 of said 
registers, said first set 51 comprising registers hav- 
ing absolute addresses commencing with a first 30 
base address, wherein said first set 51 of registers 
includes a first set of global registers commencing 
with a first global base address, and a first set of local 
registers commencing with a first local base 
address; 35 

means for designating a second set 52 of said 
registers, said second set 52 comprising registers 
having absolute addresses commencing with a sec- 
ond base address, wherein said second set 52 of 
registers includes a second set of global registers 40 
commencing with a second global base address, 
and a second set of local registers commencing with 
a second local base address; and 

means for addressing a register of said reg- 
ister file 23, said addressing means comprising: 45 

means for reading from an instruction a rela- 
tive address; 

means for determining whether said relative 
address identifies a register of said first register set 
51 or a register of said second register set 52; and so 

means for calculating the absolute address 
of the register to be addressed from said relative 
address and said first global base address, if said 
relative address identifies a register of said first set 
of global registers; or said first local base address, ss 
if said relative address identifies a register of said 
first set of local registers; or said second global base 
address, if said relative address identifies a register 
of said second set of global registers; or said second 
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local base address if said relative address identifies 
a register of said second set of local registers. 

10. The register file 23 preferably defined in Claim 9, 
wherein said means for determining whether said 
relative address references a register of said first set 
51 of registers, or a register of said second set 52 of 
registers comprises means for determining whether 
said ALU 25 is operating in a first task, or in a second 
task. 
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(54) Register file with multi-tasking support 

(57) A register file 23 connected to a data memory 
27 and an arithmetic logic unit 25 for temporary storage 
of operands, and a method of managing such register 
file 23 permits the register file 23 to be used to maxi- 
mum efficiency and permits rapid task and context 
switching. Each register of the register file 23 has an 
absolute address. A relative register address is read 
from the address field of he instruction being executed 
by the ALU 25, and an arithmetic calculation is per- 
formed on that relative register address and a register to 
be accessed. Different sets of registers 51, 52, 53 may 
be designated for different tasks or contexts. Each set of 
registers has its own base address. Once the task or 
context to which the Instruction applies is determined, a 
calculation using the relative address from the instruc- 
tion address field, and the corresponding register set 
base address may be performed to obtain the absolute 
address of the register to be accessed. Registers 
assigned to a different task or context may be virtually 
immediately accessed, or a set of registers for a partic- 
ular task or context may be moved within the registers 
for a particular task or context may be moved within the 
register file without affecting the instructions being exe- 
cuted by the ALU 25, by simply changing the base 
address used in the address computation. 
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